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Historically, in most organisms the nervous, immune, and the
endocrine systems have been studied as independent compo-
nents. However, during the last decades, growing evidence sup-
ports the notion that these are three parts of a unique system,
the neuro-immune-endocrine system (Besedosky and Rey, 2007).
Both clinical observations and experimental data obtained from
animals reveal a close relationship among the three components
of the system. This is the theme of this Research Topic.
The literature contains a large number of reports concern-
ing the relationship between two of the three components:
neuro-immune, neuro-endocrine, and immune-endocrine. More
recently, the third component of the triad has been added to
the study of stress (Baumann and Turpin, 2010) and depression
(Hernández et al., 2013). A similar situation has been reported for
neuro-immunemechanisms in which an endocrine component is
now disclosed, e.g., irritable bowel syndrome (Stasi et al., 2012).
Thus, if we consider that the neuro-immune-endocrine system
is just one complex regulatory system, then the understanding
of the interactions among the three systems can lead us to ana-
lyze many pathological states, which have usually been studied as
a single disequilibrium of one of these three components, such
as rheumathoid arthritis (del Rey et al., 2010), and depression
(Hernández et al., 2013).
As part of their independent study, the three systems were
characterized as having highly specialized signaling molecules
that constituted a fence against mutual interaction; neurotrans-
mitters were described for neural communication, hormones
for endocrine communication and cytokines and chemokines
for immune signaling. However, as the characterization of both
the signaling molecules and the receptor systems progressed,
the fences transformed into gates for direct neuro-immune-
endocrine communication; receptors for neural derived signals
were found in both the endocrine and immune systems. Cytokine
production was described inside the central nervous system and
the hormones were shown to signal both the neural and immune
cells. The only fences left were the barriers precluding direct
contact between the cellular and molecular components of the
three systems, particularly the brain barriers. Those barriers were
shown to have localized fences that allowed selective interac-
tion among the cellular and molecular components of the three
systems in a highly regulated manner.
This Research Topic includes original reports, reviews and
minireviews regarding the description of the gates and fences in
neuro-immune-endocrine interactions. It contains four sections;
in the first section three papers describe the gates and fences for
neuroimmune interactions directly at the central nervous sys-
tem. Stolp et al. (2013) describe the changes in neuro-immune
interactions through the brain barriers during early development
and ageing. Hurtado-Alvarado et al. (2013) present evidence on
the role of pericytes, a blood-brain barrier cellular component,
in the regulation of the immune response in the brain under
both physiological and pathological conditions. Chavarría and
Cárdenas (2013) review the influence of neurons and glial cells
on the immune response once immune cells have trespassed
the brain barriers, molecules promoting an immuno-modulatory
environment in the brain are described.
The second section includes two reviews emphasizing the
role of hormones on neuro-immune interactions. Quintanar and
Guzmán-Soto (2013) describe the role of hypothalamic neuro-
hormones in peripheral immune responses, including the clinical
relevance of those hormones. Monasterio et al. (2013) discuss the
participation of prolactin and progesterone in the regulation of
immune responses in the central nervous system of pregnant and
lactating females.
The third section contains three papers that describe inter-
actions between the brain and gut. Montiel-Castro et al. (2013)
describe the role of the immune system in the cross-talk between
the gut microbiota and the brain, focusing in the descrip-
tion of the regulatory effects of microbiota on brain physiology
and behavior. Campos-Rodríguez et al. (2013) present evidence
regarding the role of stress hormones on the intestinal immune
response, both at the cellular and molecular levels. Garzoni et al.
(2013) review the neuro-immune mechanisms mediating the
development of antenatal intestinal inflammatory response, with
special emphasis on the role of the cholinergic anti-inflammatory
pathway in the generation of necrotizing enterocolitis.
Finally, the fourth section includes two papers discussing the
alteration in neuro-immuno-endocrine interactions in disease.
The paper byMeraz-Ríos et al. (2013) discusses the role of inflam-
matory signals in the exacerbation of the hallmark pathophys-
iological changes in Alzheimer’s disease. In addition, they also
discuss the outcomes of the use of anti-inflammatory drugs and
immunotherapy to prevent and/or reduce neuroinflammation in
patients suffering Alzheimer’s disease. Finally, León-Cabrera et al.
(2013) describe the relationship among leptin levels, inflamma-
tory mediators andmetabolic changes in theMexican population,
aiming to establish a profile of neuro-immune-endocrine factors
ensuing the generation of metabolic syndrome.
All the papers included in this volume are just a sample of the
large amount of research that should be done in the forward years
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to understand the mechanisms underlying the gates and fences of
neuro-immuno-endocrine interactions. As editors, we would like
to express our gratitude to all the scientists that collaborated to
finally get this volume, both authors and reviewers; the effort and
careful work of all of them undoubtedly led to the high academic
value of this volume.
REFERENCES
Baumann, N., and Turpin, J. C. (2010). Neurochemistry of stress: an overview.
Neurochem. Res. 35, 1875–1879. doi: 10.1007/s11064-010-0298-9
Besedosky, H. O., and Rey, A. D. (2007). Physiology of psychoneuroimmunol-
ogy: a personal view. Brain Behav. Immun. 21, 34–44. doi: 10.1016/j.bbi.
2006.09.008
Campos-Rodríguez, R., Godínez-Victoria, M., Abarca-Rojano, E., Pacheco-Yepez,
J., Reymar-Garfias, H., Barbosa-Cabrera, E., et al. (2013). Stress modulates
intestinal secretory immunoglobulin A. Front. Integr. Neurosci. 7:86. doi:
10.3389/fnint.2013.00086
Chavarría, A., and Cárdenas, G. (2013). Neuronal influence behind the central ner-
vous system regulation of the immune cells. Front. Integr. Neurosci. 7:64. doi:
10.3389/fnint.2013.00064
del Rey, A., Wolff, C., Wildmann, J., Randolf, A., Straub, R. H., and Besedovsky, H.
O. (2010). When immune-neuro-endocrine interactions are disrupted: experi-
mentally induced arthritis as an example.Neuroimmunmodulation 17, 165–168.
doi: 10.1159/000258714
Garzoni, L., Faure, C., and Frasch, M. G. (2013). Fetal-cholinergic anti-
inflammatory pathway and necrotizing enterocolitis: the brain gut connection
begins in utero. Front. Integr. Neurosci. 7:57. doi: 10.3389/fnint.2013.00057
Hernández, M. E., Mendieta, D., Pérez-Tapia, M., Bojalil, R., Estrada-García,
I., Estrada-Parra, S., et al. (2013). Effect of selective serotonin reuptake
inhibitors and immunomulator on cytokines levels: an alternative therapy for
patients with major depressive disorder. Clin. Dev. Immunol. 2013:267871. doi:
10.1155/2013/267871
Hurtado-Alvarado, G., Cabañas-Morales, A. M., and Gómez-González, B. (2013).
Pericytes: brain immune interface modulators. Front. Integr. Neurosci. 7:80. doi:
10.3389/fnint.2013.00080
León-Cabrera, S., Solís-Lozano, L., Suárez-Alvárez, K., González-Chávez, A., Béjar,
Y. L., Robles-Díaz, G., et al. (2013). Hyperleptinemia is associated with param-
eters of low-grade systemic inflammation and metabolic dysfunction in obese
humnan beings. Front. Integr. Neurosci. 7:62. doi: 10.3389/fnint.2013.00062
Meraz-Ríos, M. A., Toral-Ríos, D., Franco-Bocanegra, D., Valeda-Hernández, J.,
and Campos-Peña, V. (2013). Inflammatory process in Alzheimer’s disease.
Front. Integr. Neurosci. 7:59. doi: 10.3389/fnint.2013.00059
Monasterio, N., Vergara, E., and Morales, T. (2013). Hormonal influences on neu-
roimmune responses in the CNS of females. Front. Integr. Neurosci. 7:110. doi:
10.3389/fnint.2013.00110
Montiel-Castro, A. J., González-Cervantes, R. M., Bravo-Ruiseco, G., and Pacheco-
López, G. (2013). The microbiota-gut-brain axis: neurobehavioral correlates,
health and sociality. Front. Integr. Neurosci. 7:70. doi: 10.3389/fnint.2013.00070
Quintanar, J. L., and Guzmán-Soto, I. (2013). Hypothalamic neurohormones and
immune responses. Front. Integr. Neurosci. 7:56. doi: 10.3389/fnint.2013.00056
Stasi, C., Rosselli, M., Bellini, M., Laffi, G., and Milani, S. (2012). Altered neuro-
endocrine-immune pathways in the irritable bowel syndrome: the top-down
and the bottom-upmodel. J. Gastroenterol. 47, 1177–1185. doi: 10.1007/s00535-
012-0627-7
Stolp, H. B., Liddelow, S. A., Sá-Pereira, I., Dziegielewska, K. M., and Saunders,
N.R. (2013). Immune responses at brain barriers and implications for brain
development and neurological function in later life. Front. Integr. Neurosci.
7:61. doi: 10.3389/fnint.2013.00061
Received: 02 February 2014; accepted: 25 February 2014; published online: 13 March
2014.
Citation: Velázquez-Moctezuma J, Domínguez-Salazar E and Gómez-González B
(2014) Beyond the borders: the gates and fences of neuroimmune interaction. Front.
Integr. Neurosci. 8:26. doi: 10.3389/fnint.2014.00026
This article was submitted to the journal Frontiers in Integrative Neuroscience.
Copyright © 2014 Velázquez-Moctezuma, Domínguez-Salazar and Gómez-
González. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) or licensor are credited and that
the original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
Frontiers in Integrative Neuroscience www.frontiersin.org March 2014 | Volume 8 | Article 26 | 2
